Two strains (JA317 T and JA559) of spiral shaped, spheroplast-forming, anaerobic,
showed highest sequence similarity with the type strains of Phaeospirillum chandramohanii (98.2 %), Phaeospirillum molischianum (97.4 %) and Phaeospirillum fulvum (97.1 %) of the family Rhodospirillaceae. Strain JA317
T can be clearly distinguished from P. chandramohanii with respect to spheroplast formation and several other morphological and physiological properties. DNA-DNA relatedness of strain JA317 T with its closest relatives of the genus Phaeospirillum was less than 55 %. It is evident from the phenotypic, chemotaxonomic and molecular genetic evidence that strain JA317 T represents a novel species of the genus Phaeospirillum, for which the name Phaeospirillum oryzae sp. nov., is proposed. The type strain of the species is JA317 T (5NBRC 104938 T 5KCTC 5704 T ).
At the time of writing, the genus Phaeospirillum has three species with validly published names: Phaeospirillum fulvum, Phaeospirillum molischianum (Imhoff et al. 1998a; Imhoff, 2005a, b) and Phaeospirillum chandramohanii (Anil Kumar et al., 2009) . Species in the genus Phaeospirillum can be primarily distinguished by cell size, growth factor requirements, fatty acid composition, and utilization of substrates as carbon sources and electron donors. In this communication, we propose a novel species of the genus Phaeospirillum having the exceptional phenotypic characteristic of spheroplast formation ( Supplementary Fig. S1 , available in IJSEM Online). Spheroplasts are spherical bodies of Gram-negative bacteria formed after partial loss of the bacterial cell wall (Tulasne et al., l960; Voss, 1964) . Strains JA317 T and JA559 were isolated, during the study of anoxygenic phototrophic bacterial diversity, from the rhizosphere soil of a paddy field whereas the remaining species of the genus Phaeospirillum were isolated from stagnant and anoxic freshwater habitats.
The sample that yielded strain JA317
T was isolated from the rhizosphere soil of a paddy, near Nadergul, Andhra Pradesh, India (GPS position: 17 u 169 N 78 u 329 E), on 6 August 2007. Strain JA559 was isolated from a rhizosphere soil sample collected from another paddy field near Tada, Andhra Pradesh, India (GPS position: 13 u ). Cultures were incubated at 28 u C and 2400 lx light intensity for 5 days. Purification was done by repeated streaking on agar slants (256150 mm test tubes sealed with butyl rubber corks; gas phase replaced with argon). Purified cultures were grown in completely filled screw cap test tubes (106100 mm) for photoheterotrophic growth. Morphological properties (cell shape, cell division, cell size, motility) were observed by using a phase-contrast microscope (Olympus microscope BH-2). Presence of spheroplasts was confirmed under a laser scanning confocal microscope (Leica TCS SP2) using acridine orange (Schichnes et al., 2006) . Internal membrane structures were viewed with a transmission electron microscope (Hitachi H-7500), after the cells had been processed as described by Hanada et al. (2002) . In vivo absorption spectra were measured with a Spectronic Genesys 2 spectrophotometer using sucrose solution for cell suspension (Trüper & Pfennig, 1981) . Carotenoid composition was analysed by using HPLC (Takaichi & Shimada, 1992) . Fatty acid methyl esters were prepared, separated and identified according to the instructions of the Microbial Identification System (MIDI; Agilent 6850 GC) (Sasser, 1990) by Royal Research Laboratories, Secunderabad, India.
Genomic DNA was extracted and purified according to the method of Marmur (1961) and the G+C content of the DNA was determined by HPLC (Mesbah et al., 1989) . Cell material for 16S rRNA gene sequencing was taken from a single colony. DNA was extracted and purified by using a Qiagen genomic DNA extraction kit. Recombinant Taq polymerase (Genei) was used for PCR. The complete length of the 16S rRNA gene sequence was obtained by sequencing with four primers, F9-27 (59-GTTTGATCC-TGGCTCAG-39), F9-372 (59-TACGGGAGGCAGCAG-39), F9-790 (59-GGTTACCTTGTTACGACT-39) and R9-1489 (59-TACCTTGTTACGACTTCA-39) (positions 11-27 and 1489-1506 for F9-27 and R9-1489, respectively, according to the Escherichia coli 16S rRNA numbering system of the International Union of Biochemistry) (Brosius et al. 1978; Lane et al. 1985) . PCR amplification was performed as described by Imhoff & Pfennig (2001) and Imhoff et al. (1998b) , and 16S rRNA gene sequences were obtained (without gene cloning) by cycle sequencing with a SequiTherm sequencing kit (Biozym) and chain termination reaction (Sanger et al., 1977) using an automated laser fluorescence sequencer (Pharmacia). Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarities were achieved by using the NCBI BLAST search (Altschul et al., 1990) and the EzTaxon server (Chun et al., 2007) . The CLUSTAL W algorithm of MEGA 4 was used for sequence alignments and MEGA 4 software (Tamura et al., 2007) was used for phylogenetic analysis of the individual sequences. Distances were calculated by using the Jukes and Cantor correction in a pairwise deletion manner (Tamura et al., 2007) . Neighbour-joining, maximum-parsimony and minimum evolution methods in the MEGA 4 software (http://www. megasoftware.net/mega4/mega.html) were used to reconstruct phylogenetic trees. Percentage support values were obtained using a bootstrap procedure. The taxonomic relationship between strains JA317
T and JA559 and other species of the genus Phaeospirillum was examined by using DNA-DNA hybridization. Genomic relatedness was determined by using a membrane filter technique (Seldin & Dubnau, 1985) using a DIG High Prime DNA Labelling and Detection Starter kit II (Roche). Hybridization was performed with three replications for each sample (control: reversal of strains was used for binding and labelling) and mean values are quoted as DNA-DNA relatedness.
Cells of strains JA317
T and JA559 are spiral shaped, 2-6 mm long and 0.8-1.2 mm wide ( Supplementary Fig. S1a ), motile by means of a polar flagellum (Supplementary Fig.  S2a ) and multiply by binary fission. There is no salt requirement for either strain. Spherical bodies (spheroplasts) were observed ( Supplementary Fig. S1a-1, b, c, d ) in both strains in the late-exponential growth phase; these were absent in P. chandramohanii JA145 T . However, similar structures were also identified in P. molischianum DSM 120 T . Transmission electron microphotographs of ultrathin sections of cells of strain JA317
T revealed a stacked type of internal membrane structure (Supplementary Fig. S2b) Strains JA317 T and JA559 could utilize dinitrogen, ammonium chloride, glutamate and urea as nitrogen sources. Neither strain has a growth factor requirement. Sulfate, sulfite, cysteine, methionine and elemental sulfur are used as sulfur sources. The pH range for growth is 6.0-8.0 (optimum 7.0). The temperature optimum is 30 u C (range 25-35 u C). The photosynthetically grown cell suspension is brown. The in vivo absorption spectrum of intact cells in sucrose exhibited maxima at 374, 491, 527 and 851 nm ( Supplementary Fig. S3a ), confirming the presence of bacteriochlorophyll a. The absorption spectrum for pigments extracted with acetone gave maxima at 360, 447, 474, 504 and 579 nm ( Supplementary Fig. S3b ), suggesting the presence of lycopene and its derivatives (Takaichi & Shimada 1992) . Carotenoid composition of strain JA317
T was assessed by HPLC analysis and revealed the presence of rhodopin (81 %), lycopene (12 %) and rhodopin glucoside (7 %). Whole-cell fatty acid analysis revealed that C 18 : 1 v7c, C 16 : 0, C 16 : 1 v6c/C 16 : 1 v7c predominated in both the strains. Minor proportions of C 12 : 0 , C 13 : 1 at 12-13, C 14 : 0 3-OH, C 18 : 0 and C 18 : 1 v5c were also detected ( Table 1 ).
The DNA G+C content of strains JA317
T and JA559 was 63.3±0.8 mol% (by HPLC). The phylogenetic relationship between strain JA317
T and other purple non-sulfur bacteria was examined by means of 16S rRNA gene sequencing. The data obtained revealed that the novel isolate clustered with type strains of species of the genus Phaeospirillum and distinct from other genera of purple non-sulfur bacteria. The highest sequence similarities for both novel strains were found with respect to the type strains of Phaeospirillum chandramohanii (98.2 %), Phaeospirillum molischianum (97.4 %) and Phaeospirillum fulvum (97.1 %) (neighbour-joining tree shown in Fig. 1 ). Similar tree topologies were obtained using alternative methods (Supplementary Fig. S4 ). Genomic DNA-DNA hybridization of strain JA317
T resulted in reassociation values of 55±5, 38±7.4 and 42±5.7 %, respectively, with the type strains of Phaeospirillum chandramohanii JA145 T , T and justifies the description of strain JA317
T as the type strain of a novel species, Phaeospirillum oryzae sp. nov.
Description of Phaeospirillum oryzae sp. nov.
Phaeospirillum oryzae (o.ry9zae. L. gen. n. oryzae of rice, pertaining to the isolation of the type strain from rice paddy soil).
Cells are spiral shaped, 2-6 mm long and 0.8-1.2 mm wide, often forming long chains of spirals, motile by means of a polar flagellum and multiply by binary fission. Growth occurs under anaerobic conditions in the light (photoorganotrophy). Internal photosynthetic membranes are of stacked type. Phototrophic cultures are brown. Photosynthetic pigments are bacteriochlorophyll a and carotenoids rhodopin, lycopene and rhodopin glucoside. Optimum growth occurs at pH 7 and at 30 u C. The type strain does not require NaCl for growth. Photoheterotrophy with very few organic compounds is the preferred mode of growth. Only pyruvate, acetate, succinate and fumarate are used as carbon sources/electron donors. Photolithoautotrophy, chemolithoautotrophy, chemoorganoheterotrophy and fermentative growth are not observed. Sulfite, sulfate, elemental sulfur, methionine and cysteine are used as sulfur sources. There is no growth factor requirement. DNA G+C content is 63.3 mol% (by HPLC; standard deviation ±0.8 mol% for strains JA317
T and JA559 determined in duplicate). Major fatty acids are C 18 : 1 v7c, C 16 : 0 and C 16 : 1 v6c/C 16 : 1 v7c.
The type strain, JA317
T (5NBRC 104938 T 5KCTC 5704 T ), was isolated from rhizosphere soil of paddy, Nadergul, Andhra Pradesh, India.
